INTRODUCTION
Atherosclerotic cardiovascular disease is a worldwide health problem associated with high morbidity, mortality and cost of care. As a result of advanced treatment, the death rate attributable to cardiovascular disease has declined in developed countries. However, the burden of disease remains high in both developed and developing countries (1, 2) due to the increased prevalence of atherosclerosis risk factors, such as hypertension and diabetes mellitus.
(1) Furthermore, it has been shown that gaps between clinical practice guidelines and real-world practice lead to suboptimal risk factor control, (3) (4) (5) (6) (7) (8) (9) contributing to higher rates of cardiovascular events. (8) There are several factors involved in optimal risk factor control, including patients' clinical characteristics, (6, (8) (9) (10) ethnic variations in response to treatment, level of healthcare, (10) cost of healthcare and physicians' compliance to guideline recommendations. (5) Although the effects of modifiable, conventional atherothrombotic risk factors are well established, (11) there are geographical variations related to its prevalence among various populations that may impact individual risk. (11) For instance, the risk of death among Asians seems to be more strongly associated with low body mass index (BMI) than high BMI when compared to European populations. (11, 12) However, most randomised controlled trials (RCTs) on risk factor control and the benefits of cardiovascular event reduction have been conducted in Western patient populations. Genetic heterogeneity among patients of various ethnicities may also affect their response to treatment, such as the polymorphic cytochrome P450 (2C19) enzymes that are known to be associated with altered clopidogrel response. (13, 14) A recent meta-analysis has shown that Asians require a lower dosage of statins or lower intensity low-density lipoprotein cholesterol (LDL-C)-lowering therapy for coronary artery plaque regression when compared to Western patients. (15) In addition to the differences in atherothrombotic risk and response to treatment, healthcare resources and physicians' attitudes toward the importance of atherosclerosis risk factors and the benefits of risk factor control could impact clinical practice and outcomes. Data from real-life practice can provide insights into the real-world prevalence of risk factors and risk factor control as well as their impact on long-term cardiovascular outcomes. This information would be useful for the development and implementation of local guidelines to improve quality of care Management of atherosclerosis risk factors for patients at high cardiovascular risk in real-world practice: a multicentre study and outcomes for patients with atherosclerotic cardiovascular diseases. Toward this end, a multicentre registry was established in Thailand to study, in real-world practice, the management pattern of atherosclerosis risk factors and the rate of undertreatment, reflecting nonadherence to standard recommendations in Thai patients at high risk of cardiovascular events.
METHODS
The Cohort Of patients with high Risk for cardiovascular Events (CORE-Thailand) registry is a prospective, multicentre, observational, longitudinal study of Thai patients with high atherosclerotic risk. The follow-up period was 60 months and is still ongoing. Baseline data was analysed for the purpose of this study. Investigators in the registry were internists, cardiologists, neurologists, endocrinologists, nephrologists and vascular surgeons. There were a total of 25 participating centres, including 13 university-affiliated hospitals, three teaching hospitals and nine secondary-care hospitals, representing varying levels of healthcare. These hospitals are located in different regions across Thailand. All patients received treatment according to the treatment plan devised by their primary physicians. The study was approved by the Joint Research Ethics Committee and Ministry of Public Health, Thailand. Informed consent was obtained from all patients prior to the commencement of the study.
Patients aged ≥ 45 years with established coronary artery disease (CAD), cerebrovascular disease (CVD) or peripheral arterial disease (PAD), or with at least three atherosclerosis risk factors (i.e. multiple risk factors [MRFs]) were consecutively enrolled from the outpatient clinics from April 2011 to March 2014. Documented CAD consisted of one or more of the following criteria: stable angina with documented CAD; history of unstable angina with documented CAD; history of percutaneous coronary intervention; history of coronary artery bypass graft surgery; or previous myocardial infarction. Documented CVD consisted of hospitalisation following a diagnosis of transient ischaemic attack or ischaemic stroke. Documented PAD consisted of one or both of the following criteria: current intermittent claudication with ankle brachial index < 0.9; and a previous history of surgery or intervention (such as angioplasty, stenting, peripheral arterial bypass graft or other vascular intervention, including amputation).
Risk factors consisted of those that were documented in the patients' medical records or those the patients were receiving treatment for at the time of enrolment in the study. They included: diabetes mellitus or impaired fasting glucose (IFG); hypertension (systolic blood pressure [SBP] ≥ 140 mmHg and/or diastolic blood pressure [DBP] ≥ 90 mmHg, or currently being treated with antihypertensive agents); dyslipidaemia that could involve hypercholesterolaemia (total cholesterol > 200 mg/dL or LDL-C > 130 mg/dL), hypertriglyceridaemia (triglyceride > 150 mg/dL) or low high-density lipoprotein cholesterol (HDL-C < 40 mg/dL), or current treatment with lipid-modifying agents; chronic kidney disease (proteinuria or estimated glomerular filtration rate < 60 mL/min); current smoking habit of at least one cigarette per day; men aged ≥ 55 years or women aged ≥ 65 years; and family history of premature atherosclerosis. Patients who met the following criteria were excluded from the study: an acute atherosclerotic event within the past three months; a large aortic aneurysm indicated for surgery; previous participation in a blinded clinical trial; limited life expectancy due to noncardiovascular conditions (such as cancer or documented HIV infection); or possible difficulty returning for follow-up visits.
Patients were evaluated at baseline for demographic and medical characteristics, and scheduled for re-evaluation at six, 12, 24, 36, 48 and 60 months. Patient data collected were height, weight, waist circumference, seated SBP and DBP, ankle brachial index, available laboratory data and medications. Clinical data and cardiovascular events were to be prospectively determined. Data was collected locally using a standardised case report form and forwarded to the data management group at MedResNet (Medical Research Network of the Consortium of Thai Medical Schools), Thailand. The data management group and statistician performed quality data checks prior to data analysis. The annual site monitoring was performed randomly. Risk factor control was evaluated for patients with available data according to current recommendations. (16) (17) (18) Patients with controlled risk factors were defined as those with SBP < 140 mmHg or DBP < 90 mmHg; LDL-C < 70 mg/dL for patients with established atherosclerotic disease (EAD) or LDL-C < 100 mg/dL for patients with MRFs; and haemoglobin A1c (HbA1c) < 7%.
Continuous variables were expressed as mean ± standard deviation and compared between patient groups using Student's t-test or one-way analysis of variance, where appropriate. Categorical variables were expressed as frequencies and percentages and compared between groups using Pearson's chisquare test. Statistical significance was considered as a two-tailed probability of p < 0.05. Statistical analysis was performed using IBM SPSS Statistics version 19.0 (IBM Corp, Armonk, NY, USA).
RESULTS
Among 9,390 enrolled patients, 4,861 patients had EAD and 4,529 patients had MRFs. Among EAD patients, CAD, CVD, PAD and polyvascular (> 1 vascular bed) disease presented in 3,804 (78.3%), 572 (11.8%), 154 (3.2%) and 331 (6.8%) patients, respectively (Fig. 1) . The profile and clinical characteristics of our study population are given in Fig. 1 and Table I , respectively.
The mean age of our patient population was 65.6 ± 9.7 years and patients with PAD were significantly older than the others (PAD 69.0 ± 10.9 years, CAD 65.4 ± 9.6 years, CVD 65.1 ± 9.9 years, MRFs 65.6 ± 9.6 years; p < 0.01 for all comparisons between PAD and other patient groups). Approximately half (54.8%) of the population were men and there were more male patients with EAD than with MRFs (65.7% vs. 43.0%; p < 0.001). Conventional cardiovascular risk factors were common among patients with established disease. Overall, diabetes mellitus or IFG, hypertension and dyslipidaemia presented in 57.4%, 83.8% and 85.9% of patients, respectively. The prevalence of a current smoking habit among patients with established disease was 6.4% and was highest among patients with PAD (13.6%; p < 0.01 compared to all other groups). Among patients with MRFs, the most common atherosclerosis risk factors were hypertension (93.7%) and dyslipidaemia (93.3%). Baseline BMI data was available for 9,169 (97.6%) patients. The prevalence of overweight and obesity (21.1% and 49.5%, respectively) was high among both patients with EAD and MRFs ( Table I) .
The risk factor assessment of patients at the time of enrolment is shown in Table II . Baseline SBP and DBP among patients with MRFs were 134.8 ± 17.1 mmHg and 75.3 ± 10.8 mmHg, respectively. Among 1,523 patients without diagnosed hypertension, baseline blood pressure was elevated (SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg) for 283 (18.6%) patients. Overall mean fasting blood sugar (FBS) and HbA1c were 127.4 ± 49.5 mg/dL and 7.2% ± 1.6%, respectively, among patients for whom laboratory data was available. Among patients for whom laboratory data was available, and who had no history of diabetes mellitus or IFG and did not receive hypoglycaemia agents, elevated FBS (≥ 110 mg/dL) and HbA1c (≥ 6.5%) presented in 18.3% (351/1,918) and 13.2% (59/448) of patients, respectively. From available lipid profiles, the overall mean LDL-C, HDL-C and TG levels were 93.4 ± 35.2 mg/dL, 49.7 ± 14.6 mg/dL and 140.9 ± 91.2 mg/dL, respectively.
The medications used for each patient group are summarised in Table III or LDL-C < 100 mg/dL in those with MRFs; and HbA1c > 7%) remained high (Fig. 2) . Overall, the rate of undertreatment among our patients was 35.8%, 59.0% and 45.3% for blood pressure, LDL-C and HbA1c, respectively. When compared to those with MRFs, the rate of undertreatment of patients with EAD was lower for blood pressure, higher for LDL-C and comparable for HbA1c. The higher rate of undertreatment of LDL-C among patients with EAD may be related to lower targets of LDL-C levels in this patient group when compared to patients with MRFs. The overall rate of a current smoking habit was 5.3% among our patients, and was higher among patients with EAD. The rate of undertreatment of cardiovascular risk factors was not different among the patient groups with EAD (Fig. 3) .
DISCUSSION
The CORE-Thailand registry provides real-world data on patients with EAD or MRFs in Thailand. This study, which presented the baseline characteristics of this population, showed the high prevalence of conventional atherosclerosis risk factors among patients with EAD. The medical therapies for risk factor control in our population were harmonised with established clinical practice guidelines, but the rate of risk factor control was low. Nevertheless, compared to previous cohorts of patients with atherothrombotic cardiovascular disease, (3, 8) our findings are more relevant vis-à-vis current guidelines and recommendations.
Among patients with EAD, conventional risk factors, including hypertension, diabetes mellitus and dyslipidaemia, were prevalent and comparable to those among the patient populations in the REACH registry, which had a prevalence of 80.0%, 37.5% and 70.2% for hypertension, diabetes mellitus and dyslipidaemia, respectively. (19) While the prevalence of obesity (BMI > 25 kg/m 2 ) in our cohort was lower than that of the overall population (49.5% vs. 68.3%), it was comparable to findings for Asian populations in the REACH registry (42.4%). (19) Although Thailand has promulgated antismoking campaigns over the past 20 years, smoking is still the common modifiable risk factor in the country. (20) Nevertheless, the prevalence of a current smoking habit among our patients with EAD and MRFs was lower than in previous registries; for instance, the prevalence of smoking in acute coronary syndrome patients was about 30%. (21) (22) (23) Attempting smoking cessation in patients with EAD or MRF may achieve a higher success rate than in patients who are unaware of disease or risk factors.
With respect to risk factor control, enrolled patients had no acute atherosclerotic event for at least three months, which is the period during which risk factors would be optimally controlled. The proportion of patients receiving the recommended therapy for risk factor control, including statin, antihypertensive agents and hypoglycaemic agents, was high, and comparable or greater than in previous registries. (3, 19) Statin, antihypertensive agents and hypoglycaemic agents were prescribed in 69.4%, 95.8% and 85.9% of patients in the REACH registry. However, the target achievement of each individual risk factor or the overall risk factors was still low. Similar to other cohorts, only a small proportion of patients achieved the target of risk factor control in our study (18.9% vs. 16%-21% in our cohort vs. REACH registry for achieving four major risk factors) and patients with PAD had the highest rate of undertreatment of risk factors when compared to other patient groups. (8) Hypercholesterolaemia and hypertension were the most common risk factors, as well as the most common suboptimally controlled risk factors. The benefits of LDL-C reduction have been emphasised by several RCTs. (18) Retrospective cohort studies in Thailand have also shown the benefits of LDL-C goal attainment for the reduction of first and recurrent cardiovascular events following acute coronary syndrome. (24, 25) Although the guidelines recommend a goal of LDL-C < 70 mg/dL for patients with EAD, LDL-C goal attainment rates remain low worldwide and have been reported to be in the range of 17%-35%. (3) (4) (5) (26) (27) (28) (29) Some studies (3, 8, 26) that were conducted when the recommended guideline was based on the 2004 updated National Cholesterol Education Program III (30) have suggested setting LDL-C goals of 100 mg/dL before considering the use of a non-statin drug, such as ezetimibe. Similar to these other studies, (3, 8, 26) our patients with EAD had a high undertreatment rate in terms of LDL-C reduction even though most patients received statins. In patients with MRFs, nearly 90% of them received statin as the primary prevention measure. However, the mean LDL-C in these patients was not different from that in patients with EAD. Due to the higher LDL-C goal, the rate of undertreatment in terms of LDL-C reduction in patients with MRFs was lower than the rate in patients with EAD. A meta-analysis of patients with lower cardiovascular risk has shown the benefits of LDL-C reduction using statins for cardiovascular events, albeit to a smaller magnitude. (31) The benefits of statins for atherothrombotic event reduction still remain even after taking into consideration the risk of statin-associated adverse events, such as myopathy, new-onset diabetes mellitus or increased haemorrhagic stroke. (31) However, the benefits of statin for primary prevention in real-life practice should be studied, especially among Asian patients who have a higher incidence of haemorrhagic stroke. (32) (33) (34) It is worth noting that in the past decade, several studies have looked at the associations between LDL-C, statin potency and cardiovascular events, leading to the lowering of LDL-C goals, as reflected in the current updated recommendations. In addition, during the enrollment of the CORE-Thailand registry, the 2013 ACC/AHA (American College of Cardiology/American Heart Association) Guideline on the Treatment of Blood Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults was published, and recommended statin potency based on patient risk rather than LDL-C goal attainment. (35) The discrepancies between guidelines may affect physicians' practice and LDL-C levels. The effects of having varying recommendations from different guidelines and the availability of generic statins at different periods of time for LDL-C goal attainment will be studied during the follow-up visits of the CORE-Thailand registry.
In contrast to LDL-C, the benefits of tight control of blood pressure and blood sugar appear less convincing for patients with established cardiovascular disease. (36, 37) Recent guidelines do not recommend tight control and have raised the target blood pressure and HbA1c levels. (17, 38) However, only two-thirds of our study population for whom data was available achieved the suggested targets for blood pressure and glycaemic control.
Further study of the factors associated with the high undertreatment rate in our cohort is warranted to improve the standard of care in clinical practice. Several potential factors may contribute to suboptimal risk factor control, including physicians' discretion to use low-potency medications as the first-line treatment, (5, 39) their inertia to adjust treatment plans, (26) drug accessibility, the adverse effects of medications (27) and patients' adherence to treatment regimens. Another factor related to physicians may be adherence to older guidelines, while in patients, the fear of adverse effects from medication and lack of knowledge about the results of undertreatment may lead to poor compliance to treatment plans. In addition to pharmacological management, lifestyle modifications, such as exercise and diet, have been shown to improve atherosclerosis risk factors and cardiovascular outcomes. (40, 41) However, the benefits of lifestyle modifications may receive less consideration than pharmacological therapy, leading to limited recommendations by healthcare personnel and low adherence from patients. Hence, the high undertreatment rate may be due to both patient and physician factors, and the possibility of poor compliance should be explored before concluding that the treatment provided to the patient may have been inadequate. Given the multiplicity of potential factors that could contribute to suboptimal risk factor control, the reasons behind the high undertreatment rate seen among patients with EAD warrant further study.
Although the benefits of aspirin for secondary prevention are well established, its benefit for primary prevention is inconclusive, leading to discrepancies among various guidelines. (38, 42, 43) A metaanalysis of aspirin for the primary and secondary prevention of vascular diseases showed benefits with respect to a small reduction in vascular events, but elevated risk of major bleeding, leading to an uncertain net value. (44) Recent RCTs did not show benefits from aspirin for primary prevention among elderly Japanese patients with atherosclerosis risk factors. (45) Of note, the inclusion criteria of the earlier study was the presence of at least one atherosclerosis risk factor, resulting in low rates of cardiovascular events during a five-year follow-up. In contrast, our cohort enrolled patients with more atherosclerosis risk factors, and therefore the effects noted for aspirin may be different.
The present study had several strengths. It had a large, ongoing cohort of patients with atherosclerotic disease who were enrolled from various secondary and tertiary healthcare hospitals in Southeast Asia. The study is therefore representative of the reallife clinical practice seen in different healthcare schemes that is likely to affect treatment strategy and outcomes. However, there were some limitations as well. Due to the limited number of patients with CVD and PAD in our study, our findings may not be generalisable to these patient populations. Although our cohort involved various healthcare levels and schemes, primary care physicians were not involved in the study. This notwithstanding, the effects of risk factor control on patients' cardiovascular outcomes during the ongoing follow-up of our cohort should remain relevant for all levels of healthcare.
In conclusion, conventional atherosclerosis risk factors were common among patients with EAD in the CORE-Thailand registry. Even though most patients received treatment as recommended by current established guidelines, suboptimal risk factor control was seen for most patients. The follow-up phase of this registry will provide better insight into the actual impact of suboptimal risk factor control on cardiovascular outcomes in our Asian population.
